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(57) ABSTRACT

An operation unit of a PMD compensation module includes
a PBS (polarization beam splitter), a compensating part and
a combiner. The PBS separates an optical mput 1nto a first
polarized signal and a second polarized signal. The com-
pensating part includes a fixed prism and a movable prism.
The first polarized signal outputted from the PBS travels
through the fixed prism and the movable prism in series. The
light path of the first polarized signal in the movable prism
1s elongated or shortened according to a position of the
movable prism. A continuously vanable delay can thus be
applied between the first and second polarized signals. The
combiner recombines the first polarized signal received from
the compensating part and the second polarized signal
received from the PBS into an optical output signal.

17 Claims, 3 Drawing Sheets
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POLARIZATION MODE DISPERSION
COMPENSATION MODULE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to a dispersion compensa-
tion module, and particularly to a polarization mode disper-
sion (PMD) compensation module that can provide a con-
tinuously variable compensation.

2. Description of Related Art

Optical communication systems are evolving from 10
Gbit/s systems to 40 Gbit/s systems to meet the demand for
transmission capability. As the transmission speed of optical
signals has increased, PMD has become one of the most
important limiting factors for high-speed optical communi-
cation systems. Therefore, PMD compensation 1s a high
priority concern 1n a high-speed optical communication
system.

U.S. Pat. No. 5,822,100 discloses a PMD compensator
which splits a received optical signal 1nto two polarization
states and which uses optical switching to add increments of
delay to either polarization state of the signal. However, the
delay of the PMD compensator 1s not continuously variable.

Therefore, an improved PMD compensation module 1s
required to overcome the disadvantage of the prior art.

SUMMARY OF THE INVENTION

Accordingly, an object of the present mmvention 1s to
provide a PMD compensation module which can apply a
continuously variable delay to one of the two polarized
signals of an optical input signal.

In order to achieve the object set forth, a PMD compen-
sation module comprises a polarization beam splitter (PBS),
a compensating part and a combiner. The PBS separates an
optical mput mto a first polarized signal and a second
polarized signal. The first polarized signal and the second
polarized signal are polarized orthogonally with respect to
one another. The compensating part further comprises a
fixed prism and a movable prism. The first polarized signal
outputted from the PBS travels through the fixed prism and
the movable prism, in series. The light path of the first
polarized signal in the movable prism 1s elongated or
shortened according to a position of the movable prism. The
combiner recombines the first polarized signal recerved from
the compensating part and the second polarized signal
received from a second adjustable crystal.

Other objects, advantages and novel features of the inven-
tion will become more apparent from the following detailed
description when taken 1n conjunction with the accompa-
nying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a simplified block diagram of a PMD
compensation module with a plurality of operation units, 1n
accordance with the present invention;

FIG. 2 1s a detailed block diagram of one of the operation
units shown in FIG. 1, wherein the operation unit comprises
a compensating part; and

FIG. 3 1s a schematic view of the compensating part
shown 1n FIG. 2.

DETAILED DESCRIPTION OF TH.
INVENTION

(L]

Referring to FIG. 1, a PMD compensation module 100 in
accordance with the present invention comprises a demul-
tiplexer (DEMUX) 1, a plurality of first tap couplers from
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2(#1) to 2(#N), a plurality of operation units from 3(#1) to
3(#N), a plurality of second tap couplers from 4(#1) to
4(#N), a multiplexer (MUX) 3 and a signal processing center
(SPC) 6 clectrically connecting with the operation units
from 3(#1) to 3(#N).

The demultiplexer 1 separates a wavelength division
multiplexing (WDM) optical input into a plurality of optical
signals according to different wavelengths. The first tap
couplers from 2(#1) to 2(#N) receive corresponding optical
signals having diflerent wavelengths from the demultiplexer
1, respectively. Each first tap coupler 2 outputs a first part of
the received optical signal to the SPC 6, and outputs a
remaining part of the received optical signal to the corre-
sponding operation unit 3. Each operation unit 3 receives an
clectrical control signal 7 from the SPC 6, and compensates
the optical signal recerved from the corresponding first tap
coupler 2 under the control of the electrical control signal 7,
respectively. Each second tap coupler 4 receives an optical
signal from the corresponding operation unit 3. Each second
tap coupler 4 outputs a first part of the recerved signal to the
SPC 6, and outputs a remaining part of the received signal
to the multiplexer 5. The multiplexer 5 multiplexes the
received optical signals having different wavelengths from
all the second tap couplers from 4(#1) to 4(#N) to form an
optical WDM output.

The SPC 6 receives the first part of the optical signal from
cach of the first tap couplers from 2(#1) to 2(#N) and uses
these signals to determine whether the dispersion of the
received optical signals are within a predetermined accept-
able range. If not, the SPC 6 transmits the appropriate
clectrical control signals 7 to the corresponding operation
units 3 to compensate the optical signals. The SPC 6 also
receives an optical signal from each of the second tap
couplers from 4(#1) to 4(#N) to check whether the compen-
sated optical signals coming from the operation units from
3(#1) to 3(#N) are within a predetermined acceptable range.
The operation and implementation of such an SPC 1s well
known to a person skilled 1n the art. Therefore, a detailed
description of such operation and implementation 1s omitted
herefrom.

Reterring also to FIG. 2, each operation unit 3 comprises
a polanization beam splitter (PBS) 301, a first adjustable
crystal 311, a compensating part 312, a combiner 302 and a
second adjustable crystal 321. The PBS 301 receives the
remaining part of the optical signal from the corresponding
first tap coupler 2, and separates the received optical signal
into a first polarized signal 31 and a second polarized signal
32. The first polarized signal 31 and the second polarized
signal 32 are orthogonally polarized with respect to one
another. The first polarized signal 31 outputted from the PBS
301 travels through the first adjustable crystal 311, and then
passes 1nto the compensating part 312. A desired delay 1s
precisely applied to the first polarized signal 31 by the
compensating part 312, and the resulting first polarized
signal 31 1s coupled to a first input of the combiner 302. The
second polarized signal 32 outputted from the PBS 301
travels through the second adjustable crystal 321, and then
passes to a second input of the combiner 302. The first
adjustable crystal 311 cooperates with the second adjustable
crystal 321 to apply a predetermined delay between the first
polarized signal 31 and the second polarized signal 32,
which will be described 1n detail hereinatter. The combiner
302 recombines the first polarized signal 31 received from
the compensating part 312 and the second polarized signal
32 received from the second adjustable crystal 321. An
optical signal with little or no polarization mode dispersion
then passes into the corresponding second tap coupler 4.
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Furthermore, each electrical control signal 7 transmitted
from the SPC 6 to the corresponding operation unit 3 further
comprises a lirst control signal 71 connecting with the first
adjustable crystal 311, a second control signal 73 connecting
with the second adjustable crystal 321 and a third control
signal 72 connecting with the compensating part 312. The
first adjustable crystal 311 has an optical axis (not shown)
and a surface (not shown) parallel to the optical axis. When
an unpolarized light (not shown) 1s perpendicularly incident
on the surface of the first adjustable crystal 311, the light 1s
divided into an ordinary ray (O-ray) (not shown) with a
polarized direction called the O-ray polarization direction
and an extraordinary ray (E-ray) (not shown) with a polar-
1zed direction called the E-ray polarization direction. In this
particular situation, the O-ray and E-ray travel in the first
adjustable crystal 311 in the same direction and with difler-
ent speed, and the O-ray polarization direction 1s orthogonal
with the E-ray polarization direction. In a first state, the first
polarized signal 31 1s perpendicularly incident on the surface
of the first adjustable crystal 311 and the polarization
direction of the first polarized signal 31 1s parallel to the
O-ray polarization direction, and the first polarized signal 31
travels through the first adjustable crystal 311 as the O-ray.
In a second state, the first polarized signal 31 1s perpendicu-
larly incident on the surface of the first adjustable crystal 311
and the polarization direction of the first polarized signal 31
1s parallel to the E-ray polarization direction, and the first
polarized signal 31 travels through the first adjustable crystal
311 as the E-ray. One of the first state and the second state
in which the first polarized signal 31 travels faster 1n the first
adjustable crystal 311 1s called the fast state, and the other
state 15 called the slow state. The first polarized signal 31
travels through the first adjustable crystal 311 1n the fast state
or the slow state in the same direction. Thus, the first
polarized signal 31 has a short light path or a long light path
in the first adjustable crystal 311 according to movement of
the first adjustable crystal 311 under the control of the first
control signal 71. The operation of such an adjustable crystal
1s well known, and need not be described 1n further detail.
Similarly, the second adjustable crystal 321 has the same
structure as the first adjustable crystal 311. The second
polarized signal 32 travels through the second adjustable
crystal 321 1n a fast state or a slow state in the same
direction. Thus, the second polarized signal 32 also has a
short light path or a long light path 1n the second adjustable
crystal 321 according to movement of the second adjustable
crystal 321 under the control of the second control signal 73.
The SPC 6 recerves the first part of the optical signal from
cach first tap coupler 2, uses the signal to detect the
dispersion between the two orthogonal polarization modes
of the received signal, and controls the corresponding {first
and second polarized signals 31, 32 of the remaining part of
the optical signal to have a short and a long (or a long and
a short) light path 1n the first and second adjustable crystals
311, 321, respectively. Thus, the SPC 6 quickly applies a
predetermined delay between the first polarized signal 31
and the second polarized signal 32 by means of the first and
second control signals 71, 73.

Referring to FIG. 3, the compensating part 312 comprises
a trapezoidal fixed prism 313 and a trapezoidal movable
prism 314. The first polarized signal 31 travels through the
fixed prism 313 and the movable prism 314 1n series. The
fixed prism 313 comprises an inner surface (not labeled)
opposing the movable prism 314. The movable prism 314
comprises an nner surface (not labeled) opposing the fixed
prism 313. The movable prism 314 can move 1n two
opposing directions as designated by the arrow A. These
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directions are parallel to the mner surface of the movable
prism 314. A distance between the inner surface of the
movable prism 314 and the mner surface of the fixed prism
313 always remains constant. The movable prism 314 has a
uniform 1ndex of refraction. When the movable prism 314
slides downwardly along the direction A from a first position
(shown as a solid line) to a second position (shown as a
dashed line), the light path of the first polarized signal 31 1n
the movable prism 314 1s elongated while the direction of
the light path stays the same. When the movable prism 314
slides upwardly along the direction A, the light path of the
first polarized signal 31 1n the movable prism 314 1s short-
ened while the direction of the light path stays the same.
Thus, a continuously variable delay 1s precisely applied to
the first polarized signal 31 by moving the movable prism
314 1n the directions A under the control of the third control
signal 72 (see especially FIG. 2).

It 1s to be understood, however, that even though numer-
ous characteristics and advantages of the present invention
have been set forth 1 the foregoing description, together
with details of the structure and function of the invention,
the disclosure 1s illustrative only, and changes may be made
in detail, especially 1n matters of shape, size, and arrange-
ment of parts within the principles of the invention to the full
extent indicated by the broad general meaming of the terms
in which the appended claims are expressed.

I claim:

1. A polanization mode dispersion (PMD) compensation
module comprising;

a polarization beam splitter (PBS) separating an optical
input 1nto a first polarized signal and a second polarized
signal, wherein the first polarized signal and the second
polarized signal are substantially polarized orthogo-
nally with respect to one another,

a signal processing center;

a first adjustable crystal, the first polarized signal travel-
ing through the first adjustable crystal either fast or
slow depending upon commands from the signal pro-
cessing center, which receives a portion of the optical
mnput;

a second adjustable crystal, the second polarized signal
traveling through the second adjustable crystal either
fast or slow depending upon commands from the signal
processing center;

a compensating part, at least one of the first polarized
signal and the second polarized signal traveling through
the compensating part, and the light path of the at least
one of the first polarized signal and the second polar-
1zed signal being continuously varied 1n length; and

a combiner combining the first polarized signal and the
second polarized signal, which respectively pass
through the first and second adjustable crystals and the
compensating part into an optical output.

2. The PMD compensation module as described 1n claim

1, wherein the signal processing center electrically connects
with the compensating part for controlling compensation of
the first polarized signal by the compensating part.

3. The PMD compensation module as described 1n claim
1, wherein the first polarized signal has a short light path or
a long light path in the first adjustable crystal according to
a position of the first adjustable crystal.

4. The PMD compensation module as described in claim
1, wherein the second polarized signal has a short light path
or a long light path 1n the second adjustable crystal accord-
ing to a position of the second adjustable crystal.

5. The PMD compensation module as described in claim
1, wherein the compensating part comprises a movable
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prism, and the light path of the first polarized signal in the
movable prism 1s varied i length according to a position of
the movable prism.

6. The PMD compensation module as described in claim

5, wherein the compensating part further comprises a fixed
prism the first polarized signal travels through the fixed
prism and the movable prism in series, and the direction of
the light path of the first polarized signal stays substantlally
the same regardless of the position of the movable prism.

7. The PMD compensation module as described 1n claim

6, wheremn the fixed prism and the movable prism are
trapezoidal 1n shape.

8. The PMD compensation module as described 1n claim

6, wherein the fixed prism comprises an inner surface
opposing the movable prism, the movable prism comprises
an inner surface opposing the fixed prism, the movable
prism moves 1n a direction parallel to the inner surface of the
movable prism, and a distance between the inner surfaces of
the fixed and movable prisms remains constant.

9. A polarization mode dispersion (PMD) compensation

module comprising:

a demultiplexer separating a wavelength division multi-
plexing (WDM) optical input into a plurality of optical
signals according to diflerent wavelengths;

a plurality of operation units each recerving a correspond-
ing optical signal of different wavelengths from the
demultiplexer respectively, and each operation unit
comprising:

a polarization beam splitter (PBS) separating the opti-
cal signal received from the demultiplexer into a first
polarized signal and a second polarnized signal,
wherein the first polarized signal and the second
polarized signal are substantially polarized orthogo-
nally with respect to one another;

a first adjustable crystal;

a compensating part, the first polarized signal outputted
from the PBS traveling through the first adjustable
crystal and the compensating part, the compensating
part comprising a fixed prism and a movable prism,
the first polarized signal traveling through the fixed
prism and the movable prism in series, with the
direction of the light path of the first polarized signal
staying substantially the same regardless of the posi-
tion of the movable prism, and the light path of the
first polarized signal in the movable prism being
varted 1n length according to a position of the
movable prism; and

a combiner combining the first polarized signal
recerved from the compensating part and the second
polarized signal received from the PBS into one
optical signal; and

a multiplexer multiplexing the optical signals receirved
from the combiners of the operation units, said optical
signals having different wavelengths, to form an optical
output.
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10. The PMD compensation module as described in claim
9, further comprising a second adjustable crystal positioned
in the light path of the second polarized signal between the
PBS and the combiner.

11. The PMD compensation module as described 1n claim
10, turther comprising at least one signal processing center
clectrically connecting with the compensating part of each
operation unit for controlling compensation of the {first
polarized signal by the compensating part.

12. The PMD compensation module as described 1n claim
11, wherein the first polarized signal has a short light path or
a long light path in the first adjustable crystal according to
a position of the first adjustable crystal.

13. The PMD compensation module as described in claim
12, wherein the second polarized signal has a short light path
or a long light path 1n the second adjustable crystal accord-
ing to a position of the second adjustable crystal.

14. The PMD compensation module as described in claim
9, wherein the fixed prism comprises an inner suriace
opposing the movable prism, the movable prism comprises
an inner surface opposing the fixed prism, the movable
prism moves 1n a direction parallel to the inner surface of the
movable prisms and a distance between the mnner surfaces of
the fixed and movable prisms remains constant.

15. A method of providing a light with a continuously
variable PMD (polarization mode dispersion) compensation,
comprising steps of:

providing a polarization beam splitter (PBS) for separat-
ing an mcoming light into first and second polarized
signals substantially polanized orthogonally with
respect to each other;

providing first and second adjustable crystals for having
said first and second polarized signals travel there-
through either fast or slow depending upon commands
from a signal processing center which receives a por-
tion of the imncoming light;

providing at least one of said first and second polarized
signals with a compensating part which provides a
continuously variable light path for said at least one of
said first and second polarized signals; and

providing a combiner to recombine said first and second

polarized signals, which respectively pass through the
first and second adjustable crystals and the compensat-

ing part, to be one outgoing light.

16. The method as described 1n claim 15, wherein said
signal processing center 1s connected to said outgoing light.

17. The PMD compensation module as described in claim
15, wherein the compensating part comprises a movable
prism, and the light pat of the first polarized signal in the
movable prism 1s varied i length according to a position of
the movable prism.
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